(19) Japan Patent Office (JP) 



(51) Int. CI * Identification codes 

G II B 33/14 503 



. BB IDEM JOB 0611-013 Paqe 1 

Japanese Unexamined Patent Application Publication H1 1-66836 

Translation from Japanese 

(.2) Japanese Unexamined Patent (II)Japanese ^aw^cm 

Application Publication (A) Application Publication Number 

HI 1-66836 

(43) Publication date: 09 March 1999 



G II B 33/14 503A 



(21) Application number 

(22) Date of application 



H9-220407 
15 August 1997 



(?l) Applicani 
(71) Applicant 



(72) Inventor 



(72) Inventor 



(74) Agent 



(54) [Title of the Invention] Disk Array Device 
(57) f Abstract] 

(Problem] To create uniform cooling of canisters 
comprising HDAs and of HDA control circuit boards 
within a disk array device. 

(Means of Resolution] A disk array device comprising an 
HDD box 8 for supporting and securing a canister 7 thai 
has an HDA 5 and an electronic circuit board 6, an HDD 
box unit 4 having a plurality of HDD boxes vertically and 
horizontally, and a pluraJiry of fans 10 for cooling the 
canisters using cooling air, wherein cooling air is drawn 
from a lower portion of the disk array device by the 
plurality of fans and exhausted to the upper portion, so that 
the flow speed of the cooling air around the respective 
canisters will be a specific value; and when canisters are 
not equipped in a portion of ihe HDD boxes from among 
all of the HDD boxes, flow rectifying members 12, having 
essentially the same outer shape as Ihe canisters are 
equipped in the HDD boxes wherein canisters are' not 
equipped, to thereby cause the How speed of the cooling air 
in the Dow rectifying members to be said specific value. 



000005 I OX 
Hitachi Ltd 

4-6 Kanda Surugadai, Chiyoda-Ku, Tokyo 
000233033 7 
Hitachi Computer Peripherals 
28*0 Kpzu, Odawara City, Kanagawa Prefecture 
IZUMIDA, Hidejci 

7o Hitachi Ltd., Storage System Business DepL 
2880 Kozu, Odawara City, Kanagawa Prefecture 
SUZUKI ,Tomk> 

% Hitachi Ltd., Storage System Business Dept 
2880 Kozu, Odawara City, Kanagawa Prefecture 
Patent attorney TAKE, Kenjiro 

Continued on last page 



[Fig 1) 

[INSERT FIGURE] 
[Counterclockwise 6om topi 

(I] Fan 

[2] Separator member 

[3] HDD box unit 

[4] Column I 

(5] Column 2 

[6] Column 3 

[7] Column 4 

[8] Row 1 

19] Row 2 

(10] Row 3 

[II] Row 4 
[12] Row 5 
[13] Row 6 
[14] Row 7 
[15] Row 8 



SM 045846 



i 1 1 , IDEM JOB 061 1-013 Page 2 

Japanese Unexamined Patent Application Publication H1 1-66836 

Translation from Japanese 



fPateiit Claims) 

(Claim I] A disk array device comprising an HDD (hard 
disk drive) box for supporting and securing a canister or a 
plurality of canisters thai have an HDA (head disk 
assembly) and an electronic circuit board for storing and 
playing back information, an HDD box unit having a 
plurality of said HDD boxes vertically and horizontally, 
and a plurality of fans for cooling said canisters using 
cooling air, wherein 

said HDD box units are disposed in plurality in the 
vertical and horizontal directions; 

and cooling air is drawn from a lower portion of the 
disk array device by the plurality of fans and exhausted to 
the upper portion, so that the flow speed of the cooling air 
around the respective canisters will be a specific value; 

and when canisters are not equipped in a portion of the 
HDD boxes from among all of the HDD boxes, flow 
rectifying members, having approximately the same outer 
shape as the canisters, are equipped in the HDD boxes 
wherein canisters are not equipped, to thereby cause the 
flow speed of the cooling air in the flow rectifying 
members to be said specific value. 
[Claim 2) 

A disk array device comprising an HDD box for supporting 
and securing a canister or a plurality of canisters that have 
an HDA and an electronic circuit board for storing and 
playing back information, an HDD box unit having a 
plurality of HDD boxes vertically and horizontally, and a 
plurality of fans for cooling the canisters using cooling air 
wherein 

said HDD box units are disposed in plurality in the 
vertical and horizontal directions, where a plurality of fans 
are disposed on a front door and a back door of said disk 
array device to draw cooling air from the from and back 
and to exhaust said cooling air 6om a top cover whereon a 
fan is disposed, to cause the flow speed of said cooling air 
in each of the canisters !o be a specific value; where 

said HDD box units that are disposed in plurality have 
a gap space formed in approximately the center parts of 
said front door and said back door, where air is exhausted 
from the top cover through said gaps; and 

a cooling air separator member is equipped for 
separating the cooling air that has cooled an HDD box unit 
on the front door side from the cooling air that has cooled 
an HDD box unit on the back door side in mutually 
opposite directions. 

[Claim 3) A disk array device as set forth in Claim 2 
wherein: 

said cooling air separator member is either in a flat or 
curved surface shape. 

(Claim 4J A disk array device as set forth in Claim 2 or 
Claim 3, wherein: 

a plurality of fans arc provided in said gap space when 
exhausting said cooling air through said gap space. 
[Cairn 5) A disk array device as set forth in Claim I 
wherein: 

instead of a rectifying member having approximately 
tbe same outside shape as said canister, a flat board-shaped 
rectifying member that extends approximately in the 
direction of flow of said cooling air is used so as to not 
change the flow path of said cooling air. 



[Detailed Explanation of the Inventionl 
. [0001} 

[Field of Technology Containing the Invention] The 
present invention relates to disk array subsystem, more 
specifically to structures and layouts of devices for groups 
of multiple magnetic disk devices, and cooling technologies 
for devices that are well suited to densification knd 
increased reliability. 
[0002) 

[Prior Art] Conventional technologies, as disclosed in 
.^f t Uncxamined Pa!cnl Application Publication H8- 
124375, have used symmetry to provide uniform airflow 
speeds m cooling each of the HDAs (hard disk assemblies) 
#t and control circuit boards, to provide uniform cooling 
effects, when cooling canisters comprising multiple HDAs 
with m rows (where m > 2) in series and n columns (where 
n £2) in parallel with a single fan . However, there are the 
following problems if. for some reason, the canisters for a 
portion of the HDA and HDA control circuits are missing. 
(0003) That is, if, as shown in Fig. 8, the canisters 7 
comprising the HDAs 5 and HDA control circuit boards 6 
that store and playback information as shown in Fig 7 at 
Row 1 1 Column 4 , Row 3 Co|urnjJ 4 Row 5 Co|umn 4 ^ 

Row 7 Column 4 are removed from a state wherein the 
canisters 7 are fully loaded, then "a broader flow with 
reduced resistance" in the cooling air will occur at the 
locations from which the canisters were removed, and thus 
the flow path resistance in the fourth column will be greater 
than in the first through third columns, and the speed of 
flow of the cooling air in the fourth column will be less 
than that in the first through third columns 
[0O04J ConsequenUy, the increase in temperature of the 
HDAs 5 positioned at Row 2 Column 4, Row 4 Column 4 
Row 6 Column 4. and Row g Column 4 will be grea.er than 
the case wherein all of the canisters 7 are loaded 
10005] The phenomenon described above was measured 
using the following method. As described in Fig. 9 and Fi* 
12 a flowmeter 23 wherein a flow speed sensor is anached 
to the Up of a long and thin probe was inserted between the 
canisters 7 and the HDD (hard disk drive) boxes 8 up to a 
position centered in the depthwise direction in the HDA 5 
and the results of measuring the flow speed are shown in 
Fig. 13. However, because the flow speeds are subeoual for 
the second row and the fourth row, only the results for the 
second row are shown. 

10006] Moreover, i„ Fig. 9. Fig. 10. and Fig. II. airflow 
speeds were measured at airflow speed measurement point 
22a on the lef) side of the figure for the HDA 5 and the 
airflow speed measurement point 22b for (he right side of 
the figure for the control eitcuit board 6 or the HDA and 
the auflow speeds were subequal in both positions, so only 
the results for the measurements of the airflow speed 
measurement point 22a for the lefl side of the figure foMhe 
HDA 5 are shown. 

10007) In a graph in Fig. 13. ibe auflow speed is about 2 3 
m/sec for me fourth column, when there is an airspeed of 
3 6 m/sec fo, those parts aside from .he fourth column and 
■f U .s assumed that the coelTioent of thermal diflbsion is 
proporaonal ,0 tbe airflow speed, then the , Dm!tx ,„ 
temperature m the fourth column will be 1.5 times that of 
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the other parts, producing the problem of insufficient 
cooling, 

[0008] Moreover, in the conventional device, large disks, 
with disk diameters in excess of 5 inches, were loaded to 
load one column of HDAs in the depthwise direction of the 
device, as disclosed in Japanese Unexamined Patent 
Application Publication H7-37376, but when a small 
diameter disk with a diameter of 3.5 inches or less is 
loaded, it becomes necessary to load HDAs in parallel on 
the front surface and the back surface of the device rack for 
high density packaging. While Japanese Unexamined 
Application Publication H8- 124375 is a reference example 
for the conventional technology, in this Japanese 
Unexamined Patent Application Publication H8- 124375, 
the airflow that has been heated by a lower rank of HDAs 
and control circuit boards is used for cooling the higher 
ranks of HDAs and control circuit boards, and so cannot be 
used in cooling objects that produce large amounts of heat, 
such as magnetic disk devices wherein the speed of rotation 
is in excess of 1 0,000 rpm. 

(0009J That is, the heat generation by the spindle part is the 
sum of the following, and can be determined 
experimentally and through calculation: 

(1) The disk loss that is consumed through viscous torque 
of the air when the disk platen is turning. 

(2) The arm loss that is consumed through viscous torque 
of the air generated by inserting the arm, on which the 
magnetic head is mounted, into the air that is rotating with 
the disk (where this will vary depending on the position of 
the magnetic head relative to the disk, and will be 
maximum when the magnetic head is positioned at the 
innermost periphery of the disk); 

(3) The axle bearing loss that is consumed through 
fnction/viscous torque of the main bearing or fluid bearing 
that supports the spindle; 

(4) The seal loss that is consumed by viscous torque of the 
magnetic fluid seal that prevents dust from getting into the 
HDA; 

(5) The copper loss that is consumed in Joule beating 
through electrical resistance of the coil and the electric 
current that flows through the motor coil; and 

(6) The iron loss that is consumed by Joule heating due to 
the electrical resistance of the eddy current in the iron plate 
that occurs in the iron plate of the stator when the slalor of 
the motor is excited. 

10010} According to lest calculations by (he present 
mventors and others, the maximum amount of heat 
generation by the spindle part of an HDA wherein 15 3.5- 
inch disks are mounted will be about 9W at 6,300 rpm, and 
while it is possible to perform cooling using the method of 
Japanese Unexamined Patent Application Publication H8- 
124375, once the speed of rotation reaches 10,000 rpm, the 
amount of heal produced in the spindle part will be about 
27W, so the increase in temperature will be about three 
times thai of 6.300 rpm, and while the flow speed around 
the HDA to make the increase in temperature be about the 
same as for 6300 rpm will have to be about 10 to 12 m/scc. 
there is a problem in that this is not possible using the* 
method of the aforementioned Japanese Unexamined Patent 
Apphcatjon Publication 118-124375. 



[0011 J When it comes to the "flow rectifying member " 
described m the claims in the present application, example 
of flow rectifying members that are conventionally used are 
diseased in Japanese Unexamined Patent Application 
Publication H7-I22057, where the first flow rectifymg 
member is proposed to have the cross-sectional shape of 
the flow rectifying member streamlined in order to 
eliminate the occurrence of the so-called Karmao vortex 
and the second flow rectifying member is proposed to have 
increased the speed of the airflow at a constricted part bv 
constricting the flow. ^ 3 

[0012} On the other hand, the flow rectifying member in 
the present invention reduces the flow path resistance by 
expanding and constricting of the flow from the cooling air 
path, and thus the object, means, operation, and effects are 
different from those of the method used in the flow 
rectifying member in said publication 
[0013] 

b l lU PrCSCnl Tnvcmi0 "i The ^st 
problem solved by the present invention is to provide a 
coohng system for a disk array subsystem wherein the 
cooling airflow speed around a camster that is downstream 
from a non-mstalled canister in the cooling air path is not 
reduced when a portion of the canisters are missing for 
some reason in a disk subsystem wherein a single fan cools 
multiple canisters comprising HDAs in m rows (where m > 
2)«n series and n columns (where n > 2) in parallel, and 
HDA control circuit boards, as described in Japanese 
Unexamined Patent Application Publication H8-I24375 
[0DI4J The second problem solved by the present invention 
isto reduce the increase in temperature of the HDAs and 
HDA control circuit boards, and the constituent parts 
thereof, ,o the same level as at 6,300 rpm even when the 
spindle speeds of the HDAs are high (at 10,000 rpm) in 
disk subsystems wherein the canisters comprising HDAs 
and HDA control circuit boards are disposed in parallel on 
a front surface and a back surface of a device housing as 
described ,n Japanese Unexamined Patent Application 
Publication H8-124375, in order to increase the density of 
packaging HDAs wherein small disks, of 3.5 inches and 
less, are mounted. 
10015) 

fMeans for Solving «he Problem) The p,ese„, inventions 
primarily „ ses (he following structures for solving lht 
aboveproblems: 6 
,001 6) A disk array device comprising an HDD box for 
supporting and securing a canister or a plurality of canisters 
that have an HDA and an electronic circuit board for 
recording and playing back information and an HDD box 
unit having a plurality of HDD boxes vertically and 
horizontally, and a plurality or fans for cooling the canisters 

2™° " e t- Wt '" Cia **■ HDD te unil fa ""posed in 
Pluralny m the vert,cal and horizontal directions and 
coohng «, , s drawn ftom a lower portion of the disk array 
device by the plurality of fans and exhausted to the upper 
portion, so that the flow speed of the cooling air aroundihe 
respective canisters will be a specif.c value; and when 
canisters are not equipped in a portion of the HDD boxes 
from among all of the HDD boxes, now rectifying 
members, hav.ng approximately the same outer shape as 
the camsters. are equipped in ,he HDD boxes wherein 
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canisters are not equipped, to thereby cause the flow speed 
of the cooling air in the flow rectifying members to be said 
specific value. 

[0017] Additionally, a disk array device comprising an 
HDD box for supporting and securing a canister or a 
plurality of canisters that have an HDA and an electronic 
circuit board for recording and playing back information, 
an HDD box unit having a plurality of HDD boxes 
vertically and horizontally, and a plurality of fans for 
cooling the canisters using cooling air; wherein said HDD 
box units are disposed in plurality in the vertical and 
horizontal directions, where a plurality of fans are disposed 
on a front door and a back door of said disk array device to 
draw cooling air from the front and back and to exhaust 
said cooling air from a top cover whereon a fan is disposed, 
to cause the flow speed of said cooling air in each of the 
canisters to be a specific value; where said HDD box units 
that are disposed in plurality have a gap space formed in 
approximately the center parts of said front door and said 
back door, where air is exhausted from the top cover 
through said gaps; and a cooling air separator member is 
equipped for separating the cooling air thai has cooled an 
HDD box unit on the front door side from the cooling air 
lhat has cooled an HDD box unit on the back door side in 
mutually opposite directions. 
(0018) 

[Forms of Embodiment of the Present Invention) 
Forms of embodiment according to the present invention 
will be explained in using the diagrams. 
[0019] Fig. I is a cross-sectional diagram when a disk array 
subsystem device according to a first form of embodiment 
according to the present invention is viewed from the front 
In the disk array subsystem device of the present invention 
ui this form of embodiment, opening parts are provided in 
the bottom surface and lop surface of an HDD box that 
contains a canister, where a pair of two identical HDD box 
units, equipped with fans, are mounted as a vertical pair so 
that the cooling air will flow upwards, in a structure that 
prevents an excessive increase in temperature by cooling 
the constituent parts of both HDD box units by the fan in 
one HDD box unit if the fan in the other HDD box unit 
fails. 

[0020J Moreover, by having the HDD box unit, which is a 
vertical pair of two HDD boxes as one set, and by having 
one set disposed at the front part of the device and another 
set disposed at the back pan of the device, and disposing 
another two sets of HDD box units on lop of the 
aforementioned two sets of HDD box units, the member 
that separates the cooling air path system of the lower two- 
set HDD box unit from that of the upper two-set HDD box 
unit is secured to the device, where there arc a total of eight 
HDD box units, with two lower sets and two upper sets 
which are all identical products. 

[002 1 J The system of the present invention according to 
!*" 1 ^ 3 fr001 door If and a rear door I r that have air 
intake openings la and lb in the front and back parts of 
tnedevKc, as shown in Fig. 12, where, as shown in Fig, I 
side covers 2a and 2b are attached to the side surfaces and 
a top cover 3, having an exhaust hole 3a, is attached to the 
ceiling thereof 



(0022J The cooling of the constituent parts of this device is 
performed by air that is drawn in from the outside as 
shown in Fig. 12, where air is drawn in through the intake 
openings la and lb that are provided in the doors I (If and 
I* and after dust has been removed by filters, not shown, 
equipped on the insides of said intake orjenings la and lb 
the .air, cook the constituent components within the device! 
and then is exhausted out of the exhaust hole 3a that b 
provided in said top cover 3. 

{0023} Fig. 1 shows the layout relationships of the HDD 
box unit 4 that is installed on the inside of the device the 
groups of power supplies, the groups of buffer substrates, 

£ mnTT 5 CO ° ,mg abovc Specifically, 

this HDD box unit 4 rs provided removably on the fron 
surface of an HDD box 8 that is structured of brackets for 
supporting and securing any number of canisters 7 
required, from one to eight, where these canisters 7 
comprise the FED As 5 that performed the recording and 
playing back of information, and the electronic circuit 
boards 6 that control said HDAs. Moreover, one or more 
buffer boards 9 for sending information for^ 
afo^remenlioned canisters 7 and higher devices are also 
installed Furthennore, a plurality of power supplies 1 1 for 
supping ^power to said canisters 7, said buffer boards 9 
and fans 10, are also provided On the back surface of the' 
HDD box 8 ,s mounted a board (not shown) whereon is 
disposed connectors for electrically interconnecting the 
various constituent components such as the canisters 7 the 
buffer boards 9, the fans 10, and the power supply J | Vr* 
bottom surface and the top surface of the HDD box 8 arc 
open, where, in the top part, a fan 10 for generating an 
upwards flow for cooling the various structural parts of the 
canisters 7, the buffer board 9, and the power supply 1 1 rs 
provided on the top part. The bottom surface and the top 
surface of the HDD box unit 4, as described above are 
partially open, with a forced aircon figuration, such as the 
fan 10 so that the cooling air will flow upwards through 

10024] Furthermore, the units of the HDD box units 4 
de^ibedabove, are two pairs above and below (for a total 
of four HDD boxes), and, for example, HDD box units 4a 
and 4b are installed Furthennore, with the aforementioned 
HDD box unit 4 a (for example, Column I. Rows I and 2, 
and Column 2, Rows I and 2 as a single unit) and 4b (for 
exampfe, Column 3, Rows 3 and [4J and Column 2, Rows 
3 and 4 as one unit), as one set, then, in the same way, as 
shown * . Fig. 12. another set of HDD box units 4c and 4d 
are installed with a gap space 17, as the gap between the 
£nt * C ^ b ° X Un " 4a and 4b «■ *e 

It, 5 T mm un,t sc,s 4c "* 4 * "~ ab ° ut 50 

10025J Similarly, another two sets of HDD box units 4e 
(such as for example. Column I, Rows 5 and 6. and 
Column 2 Rows 5 and 6 being a single unit) and 4 f with, 
° exam ^ Column I .Rows 7 and 8, and Column 2 

top ofthetwo sets of HDD box units 4a and 4 b and 4 c and 
4d, already discussed above 

24a, 24b. 24c. and 24d are attached as device securing 
members at the bottom of each set of HDD box unTT 
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Note thai these structural components are shown 
schematically in the drawing. 

10027) In the cited example that is the conventional 
example described above, if, for some reason (such as 
being an optional disk thai the customer does not desire), 
canisters 7 each comprising an HDA 5 and the control 
crcurt board 6 for the HDA 5 arc not installed in Column 4 
Row I, Column 4 Row 3, Column 4 Row 5, and Column 4 
Row 7 from a fully installed state, or in other words, from 
the state shown in Fig. 7, then either flow rectifying 
members 13 made from a box-shaped structural member 
with the same shape and same dimensions as the outsides 
of these canisters 7 are provided in the parts wherein the 
canisters 7 are not installed, or, as shown in Fig. I, a flat 
plate-shaped rectifying member 12. is installed 
approximately along the direction of flow of the cooling 
air, so that the flow path of the cooling air will be 
unchanged The flow speed of the air that cools the 
canisters 7, which comprise the HDAs 5 and the control 
circuit boards 6 for the HDAs 5 in the fourth column is 
thereby caused to be the same as the speed of flow of the 
air thai cools sard canisters 7 in the first column through the 
thud column. 

(0028) Here Fig. 9 illustrates a partial cross-sectional 
diagram of the case when a conventional disk array 
subsystem is viewed from the front. Moreover, Fig. 10 and 
Fig. 1 1 illustrate partial cross-sect ional diagrams of the disk 
array system according to the first form of embodiment of 
the present .nvention when viewed from the front 
Moreover Fig. 12 illustrates a partial cross-sectional 
diagram of the disk array subsystem of Fig. 9, Fig. 10 and 
Fig. 1 1 when viewed from the side. 

(0029) First of all, in order to verify the effects of the 
present invention, the speeds of the flow of cooling air 
around the canisters 7 comprising HDAs 5 and electronic 
cucmt boards 6 that control the HDAs 5 were actually 
measured for the conventional examples such as shown in 
Fig. 9 and for the cases in Fig. 10 and Fig. 1 1, which are 
me present invention In other words, the speed of flow of 
the cooling air at the airflow speed measurement point 22 
jn the vicinity of each of the HDAs 5 and the control circuit 
boards 6 for the HDAs (5) in the second row and the fourth 

£030] As shown in Fig. 12, a flowmeter 23, wherein a 
now speed sensor is attached to the lip of a long and 
narrow rod-shaped probe was inserted to a position in the 
center, in the depth direction of the HDA 5 in the gap 
between the canisters 7 and the HDD boxes' 8 and the 
results of the flow speed measurements are shown in Fig 
13- Note thai because the flow speeds in the second row are 
appropriately the same as those in the fourth row only the 
results for the second row are shown. 

(003IJ Moreover, in Fig. % Fig. 10. and Fig. II airflow 
speeds at the airflow speed measurement points 22a in the 

Z p "^Z the HDAs 5 on thc ,cft sidc of ^ ™* 

«bc HDD boxes 8 as well as at thc airflow speed 
measurement points 22b in the gaps between the control 
circuit boards 6 for the HDAs 5 on the right side of the 
figures and the HDD boxes 8 were measured; however the 
How speeds rn both posilions were subequal. so only the 
measurements a. the airflow speed management points 22a 
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between *e HDAs 5 on «be left side of.be figure am! Ae 
HDD boxes 8 are shown. 

10032) It car, be seen in Ae graph i„ Fig. 13 thai, for thc 
convennonaJ case shown in Fig. 9, Ac flow speed in Ac 

r?.K TV" abOU * 23 ^"Ae How speed for 
oAcr than Ac fourth column was 3.6 m/scc, so Ac speed of 

,t > ;° * t ;*8 * " *e fomA column was lower than 
hat m Ac frxst Arough Aird columns. Moreover, as seen in 
the condtnons of Ac forms of embodiment of Ac presen" 
•nvcntmn s^h as m Fig. 10 and Fig. Il.tbe flow speeT^r 
all of Ac first through fourA columns were 3.6 JZ so h 

fisr ,h * ,he now «»* *° *• ^ *■»*» °< 

(0033J Next a second form of embodiment according to Ac 
present mvention will be explained using Fig. 2 through 
Ftg. 6. Fig 2 illustrates a cross-sectional diagram of a disk 
array subsystem according to a second form of embodiment 
of Ac present invention when viewed from the from. In Ac 
disk array subsystem device according to Ac present form 
of cmr^ U nc ru ,^pc„i ngs arc provided on Ac from surface 
and Ac back surface of the box unit in a structure wherem 

^ ' ,T C " 50 ,ha ' C0 ° ,in S a » now * ™ mallei m 
the serial dnecon. Moreover, one sc. of box unh groups is 
deposed ■„ from of Ac device, a»d anoAcr se. of box unit 
groups ts deposed in Ac back of Ae devices, and a ™nbc 
comprising a cooling air path sys.em Aercberwcen i 
securely fastened to the devices 

set forA m F,g. 2, a front door Ig and a rear door l s 
havmg mtake openings la and lb a. Ae from and back 
pans of the devices, arc equipped so as to be able to open 
and close, as shown in Fig. 3. and side covers 2a and 2b are 
attached on the side surfaces, and a top cover 3 Aat has an 
exhaust bote 3a ,s a.so attached at the ceiling as shown i„ 

10035] Tbc cooling of Ac constituent components in A.s 
dev.ce is performed Arough air Aat is taken in from Ae 
ouls.de. as shown m Fig. 3, drawn i„ through Ac intake 
opemngs ,a and lb in the doors ■ (,g andls). and aftc 
dust ,s removed by flIlcrs ^ shov ^ 

ms.des of said , make openings la and lb. Ac constituent 
~ W '* in arc cooled and Ac ai, is 

expelled from Ae exhaust hole 3a provided in Ae top cover 
3. Fig. 2 shows Ae layout relationships of Ae group of box 

£1 rfT" ° { POWC ' "~ «4 of buffer 

boards and Ae group of fans for cooling ,hc above Aat are 
mstalled within Ae device 

brackets for sopport.ng and securing the canisters 7 that 
compr.se the HDAs 5 for storing and^Cg baTk 
.nformat.on and Ae electronic circuit boardT 6 for 

fion. surface of Ac box. Moreover, one or more buffed 

St S'.Tl 1 ™ f0 ' ***** '"Nation for me 
canisters 7 and Ae higher devices 

K M rf ° ,e ° Ve '' SfVe ' al P° w ' SU PP»« M are provided 
for provdrng power to Ac canisters 7. the buffer boards 9 
and the fans 15 and 16. A board (not shown), whereon 
correctors for electrically interconnecting the various 

bunTbolTrr' "* * 

bufie, boards 9. the fans 15 and 16. and Ae power supplies 
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1 I are disposed, is equipped on the back surface of said box 
unil 14. 

10038} The front surface and the back surface of the box 
unit 14 are open, and fans 15 and 16 arc provided on the 
Tront door !g and the rear door Is for generating a parallel 
flow for cooling the various constituent components of the 
canisters 7, the buffer boards 9, and the power supplies 1 1. 
As described above, the front surface and the back surface 
of the box unit 14 arc open, and a forced air configuration, 
such as the fans 15 and 16, is used so as to have a parallel 
flow of the cooling air through the openings, to achieve 
improved cooling efficiency. Note that these constituent 
components are also illustrated schematically. 
[0039] Additionally, while in Fig. 2 a single canister 7 is 
cooled by a single fan 15, multiple canisters 7 (2 or 4 
canisters ) may be cooled by a single fan 15. Fig. 3 shows a 
cross-sectional diagram of the disk array subsystem of Fig 
2 when viewed from the side. As discussed above the 
structure is such that the rans 15 and 16 for cooling the 
canisters 7 are attached to the back surfaces of a pair of 
front and rear doors I (Ig and I s). Moreover, on the back 
smface of the device (the rear door side), the constituent 
components of the same structure as on the front side (the 
front door side) of the device are disposed symmetrically 
where there is a gap space 17 between 50 and 200 mm wide 
between the back surfaces of said front constituent 
components and said back constituent components 
10040) The doors I (Ig and Is) have air intake openings 
not shown, where the air that has cooled the canisters 7 
comprising the HDAs 5 and said control circuit boards 6 
for the HDAs 5, is expelled by the fans 15 and 16 to the 
gap space 17. Note that Fig. 3 does not show the control 
circuit boards 6, but only shows the HDAs 5. In order to 
expel with efficiency, in the upwards direction, the air thai 
has been expelled into the gap space 17, a fan 18 is 
equipped in the gap space 17 and also in the top cover 3 
above the gap space 17. Because of this, the cooling air 
flow will be as the cooling air' path 19, so as to be able to 
obtain an efficient airflow speed. 

|004l) Fig. 4 illustrates a cross-sectional diagram of the 
disk array subsystem of Fig. 2 when viewed from the top 
surface. The exhaust flow 20a that has cooled the canisters 
7 on the front of the device, and the exhaust flow 20b that 
has cooled the canisters 7 on the back of the device which 
flow towards said gap space 17, blow in mutually opposite 
directions, and thus an air separator member 21 that 
separates the exhaust flows 20a and 20b is provided within 
«* gap space 17 to prevent turbulence of the air due to a 
collision between said exhaust flow 20a and said exhaust 
now 20b, so that said exhaust flow 20a and said exhaust 
flow 20b will be exhausted efficiently into the gap space 

{0042] Moreover, Fig. 5 illustrates a cross-sectional 
diagram of the disk array subsystem of Fig 2 when viewed 
from above. The air separator member 21, explained using 
Fig 4, may also be provided as in F, g . 5. The air separator 
member 21 that is shown here is a flat-shaped air separator 
member 21a. 

10043) Fig. 6 illustrates a cross-sectional diagram of the 
d.sk array subsystem of Fig. 2 when viewed from above 
Note that the air separaior member 21 explained using Fig 



i IDEM JOB 0611-013 Paaefi 

Japanese Unexamined Patent Application Publication H11-2&! 

Translation from Japanese 



4 is a flat-shaped air separaior member 21a. but the curved- 
surface m separator member 21b, as in Fig. 6. has even 
higher air exhaust efficiency. 

10044] Consequently, m disk [array) subsystems wherein 
carets, comprising a plurality of HDAs and HDA control 
™ ^^J™. maaSk * i» Parallel columns on the front 
and back of a dev.ee housing forbigh density installation of 
HDAs that are equipped with smalWiameter disks of 3 5 
inches or less, even if the speed of rotation of the HDA 
spmdtes is even greater than the present speeds, a plurality 
of fare are deposed on the back surface of the doore 
where a single fan creates a parallel flow m foe serial 
direction to cool a canister comprising a single HDA and 
HDA control cucuil board, where a space having a gap of 
about 50 to 200 mm is provided between the ^ J££ 
of the canisters on the front and back of the device housine 
so that the an that has cooled said canister is expelled info 
said gap space. 

[0045] Moreover, the provision of an air separator member 
in ^c gap space prevents the occurrence of turbulence due 
to the colhsion of the air flows in mutually opposile 
directions that have cooled the canisters on the froTand 
b£k of the device, thereby improving ,he exhaust 

r^Z^ C °° ,ing efr ' CicDCy - « P°«*le .o 

reduce the increase m heat in the HDAs and HDA control 

!n£?, '° ' ' eVel n ° roore 0,30 ,he cu ™» level 

0046 ( As explamed _ above, the present invention includes 
the following examples of configuration: 
[0047] In a disk array subsystem wherein a plurality of 
canisters, comprising m rows (where m >2) in series and n 
columns (where n > 2) in parallel of HDAs and control 
circuit boards fo, the HDAs are cooled by a single fan 
means are provided so that the speed of flow of the cooling 
a.r around the canisters downstream from a non-installed 
canister m the cooling air path is not decreased by means of 
using the flow rectifying member described above even 
when there aie some canisters that, for some reason. are not 
installed when there should actually be all of (m * n) 
canisters installed. ' 
[0048] (1) Means wherein a flat plate-shaped flow 
.ect.fy.og member is used so that the path of the cooling air 
does not change. 

10049] (2) Means wherein a box-shaped flow rectifying 
member, made from a structural ^ ^ 
approximately the same shape and same dimensions as the 
outs.de shape of said canister, is used instead of a canister 
compnsmg an HDA and a control circuit board for an 
HDA. that is not installed, so that the flow resistance of the 
cooling a.r path is not changed 

10050] Moreover, in disk [array] subsystems wherein 
canisters compming a plurality of HDAs and HDA control 

HOAwL, ,CC h ° USm8 f ° r hi & dens "y '"Sanation of 
HDAs that are equ,pped with small-diameter disks of 3 5 
mches or less the present invention p, 0 vides means fo, 
■nslalhng a plurality of fans on the back of the doo« 
whcre.n a s.ngle fan coo[s rach of the ^ 
comprise , single HDA and the connol circuit board for the 
single HAD in the serial direction; 
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for providing a space having a gap or about 50 to 200 
mm provided between said canisters on the back and the 
front; and 

for installing an air separator member within a gap 
space so that the exhaust efficiency and cooling efficiency 
are not compromised due to the occurrence of turbulence 
caused by a collision of the air that is blown in mutually 
opposite directions after cooling the canisters on the front 
and the back. 

(0051 J Moreover, even in a disk {array] subsystem wherein 
said gap space is provided, if there are non-installed 
canisters, excellent cooling effects can of course be 
obtained by installing the aforementioned flow rectifying 
members in those locations 
[0052] 

[Effects of the Invention) The present invention makes it 
possible to provide a disk array system capable of high 
density packaging, higher than conventional, along with 
performing the high efficiency cooling without a drop in 
the cooling performance in any constituent component by 
means of newly providing a flow rectifying member, even 
when there is a layout structure wherein some constituent 
members are not installed, in a disk array subsystem that is 
structured of groups of canisters, comprising a plurality of 
HDAs and control circuit boards for HDAs, and constituent 
components related thereto. 

10053) Moreover, the present invention makes it possible to 
provide a disk array system that allows higlwiensity 
mounting of a plurality of magnetic disk devices with 
small-diameter disks that are 3 5 inches or* less, 
becausecven when the amount of beat generated is greater 
than « conventional devices and the speed of rotation of 
the HDA spindles is greater than it has been 
conventionally, the increase in temperature of the HDAs 
and the HDA control circuit boards was made no higher 
man at present by improving the exhaust efficiency and 
cooling efficiency in a disk array subsystem comprising a 
group of canisters that comprise a large number of HDAs to 
be loaded wuh small-diameter disks, no more than 3 5 
inches, and HDA control circuit boards along with 
associated constituent components, by providing means 
whereby multiple fans are disposed on the back surfaces of 
doors, means whereby a single fan cools constituent 
components such as canisters in the serial direction means 
whereby a gap space and a fan for exhausting the air are 

ZZ^ ™ 6 ?'™ 5 "** nh * air SC P a ' a,w "ember is 
provided in said gap space. 

(Simple Description of Drawings) 

fTrg. 1) A cross-sectional diagram of a disk array 
subsystem according to a fust example of embodiment 
ol the present invention, viewed from the front 

IF'g 2) A cross-sectional diagram of a disk array 
subsystem according to a second form of embodiment 
of the present invention, viewed from the front 

IFig 3) A cross-sectional diagram of the disk array 
subsystem of Fig. 2, viewed from the side 

fF'g 4] A cross-sectional diagram of the disk array 
subsystem of Fig. 2, viewed from the lop. 

Fig- 3) A cross-scclional diagram of the disk array 
subsystem of Fig 2, v.cwed from the top, which is a 
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diagram for explaining the application of a Oat-shaped 
air separator member as the air separator member, 
[fig. 6J A cross-sectional diagram of the disk array 
subsystem of Fig. 2, viewed from the top, which is a 
diagram for explaining the application of a curved- 
^rakr 4 " "P* 3 "" m "nbe, as the air separator 

(Fig. 7) A cross-sectional diagram of a conventional disk 
array subsystem^ viewed ^ ^ ^ fc ^ 

digram for explaining the How of the airflow speed 
when all oHhe canisters are installed 

(F.g. 8) A cross-sectional diagram of a conventional disk 
arm, subsystem, when viewed from the from, which is 
ad«gram for explaining the flow of the airflow speed 
when a port™ of the canister are not installed 

fF,g- 9 A part.aJ cross-sectional diagram of a conventional 

whth^ V SyS,em - WhCD ViCWed from *« »«»«. 
which is a d.agram f„, explaining the airflow speed 

measurement points, etc. 

fFig 10] A partial cross-sectional diagram of a disk anay 

subsystem according to the fust form of embodiment 

fFio "V, 4 PreSC "' ' nVen,i0n - Whe " Viewed f «"» front 
l>-'g. I IJ A partial cross-sectional diagram of a disk array 

subsystem according to a first form of embodiment of 
rc t " esent . mven, ~". when viewed from the front 
IHg. I2J A partial cross-sectional diagram of the disk array 

s^m^g 9 , Fi , I0 ^ dFiglI ^ nv ^ 

[Fig. 13) A graph of the cooling airflow speeds for the 
canisters ,n the fourth column in the disk array 
subsystems of Fig. 9, Fig. 10, and Fig 1 1 * 

[Explanation of Codes) 

I: Door 

If: Front door in the fust form of embodiment 
r: Rear door in the first form of embodiment 

Jg: Front door in the second form of embodiment 
Is: Rear door in the second form of embodiment 
I: Mac cover 

2a: Side cover on the left side of the device 
2b: Side cover on the right side of the device 
3: Top cover 

3a: Top cover exhaust opening 
4: HDD box unit 

o? So- r^ 1 un " ° f * « — p- 

fro J^j™ ^ Uni ' ° f ~ " fc -> - <>' 

ssrxssz* of ^ - » - 

die JSSL^ " " * * "~ - « 

^SXSJS' ^ unh of ,he " * ,op - of 
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4fh Top side HDD box unit of the set at the top pan of the 
rear of the device 
5: HDA 

6: Electronic circuit board for controlling an HDA 
7: Canister 
8: HDD box 
9: Buffer board 
10: Fan 

10a: Fan for cooling a canister 

) Ob: Fan for cooling a power supply 

II: Power supply 

12: Flat-shaped rectifying member 

13: Box-shaped rectifying member comprising a structural 
element with the same shape and same dimensions as the 
outer shape of a canister 
14: Box unit 

1 5, 16: Fans corresponding to canisters 
17: Gap space 

1 8: Fan corresponding to the gap space 
19: Cooling air path 
20: Exhaust airflow 

20a: Airflow for exhausting the air that has cooled the 
device on the front side 

20b: Airflow for exhausting air that has cooled the device 

on the back side 

21: Air separator member 

21a: Flat-shaped air separator member 

21b: Curved surface air-separator member 

22: Airflow speed measurement point 

rl^^T, 5 ^ mcaSUrcmcnl P° iM " the gap between 
the box and the left side of the HDA 

22b: Airflow speed measurement point in the gap between 
the box and the right side of the control circuit board 
23: Flowmeter 

24 a, 24b, 24c, 24d: Air plates 

Fig I! 
Fig- I] 

i INSERT FIGURE] 
[Counterclockwise from topi 
II] Fan 

[2] Separator member 

f3J HDD box unit 

[4] Column 1 

15] Column 2 

(6J Column 3 

|7] Column 4 

(8] Row 1 

[9] Row 2 

110] Row 3 

Il!)Row4 

[12] Row 5 

f!3] Row 6 

fM] Row 7 

1 15] Row 8 

[FIG. 2| 

[tig. 2] 

[insert figure] 

ITIG. 4] 



Japanese Unexa.ined Patent App,^^ 

Translation from Japanese 



[FIG. 4) 

[INSERT FIGURE] 

[TOP] Back side of the device 

[BOTTOM] Front side of the device 

[FIG. 5] 
[FIG. 5] 

[INSERT FIGURE) 

[FIG. 3] 
[FIG. 3) 

[INSERT FIGURE] 

[LEFT] Front side of the device 

PUGHTJ Back side of the device 

[FIG. 6] 
[FIG. 6] 

[INSERT FIGURE] 

[FIG. 7] 
[FIG. 7} 

[INSERT FIGURE) 

[Counterclockwise from bottom) 

[I] Column! 

[2] Column 2 

|3) Column 3 

|4J Column 4 

[5] Row I 

[6] Row 2 

[7] Row 3 

[8] Row 4 

[9] Fan 

[ 10) Row 5 

[II] Row 6 

[12] Row 7 

[13] Row8 



[FIG. 8) 
[FIG. 8] 

[INSERT FIGURE) 

[Counterclockwise Trom top) 

[l)Fan 

[2] Column I 

[3] Column 2 

[4] Column 3 

[5] Column 4 

[6] Row I 

[7) Row 2 

|8] Row 3 

[9] Row 4 

[10] Row 5 

[II] Row 6 

[ 12) Row 7 

(13) Row 8 

[FIG. 9) 
[FIG 9) 

[INSERT FIGURE] 
(Counterclockwise from bottom] 
( 1} Column I 
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[2] Column 2 
f3) Column 3 
[4] Column 4 
[5] Row I 
(6) Row 2 
[7] Row 3 
[8] Row 4 

[FIG. 10) 
(FIG. 10) 

[INSERT FIGURE) 

[Counterclockwise from bottom) 

(I) Column I 

(2 J Cohimn 2 

13) Cohimn 3 

H] Column 4 

15) Row 1 

)6) Row 2 

|7) Row 3 

(8) Row 4 

(FIG. II) 
[FIG. 1 1) 

(INSERT FIGURE) 
(Counterclockwise from bottom) 

(1) Column I 

(2) Column 2 
1 3) Column 3 

(4) Column 4 

(5) Row I 

(6) Row 2 

(7) Row 3 
|8J Row 4 



(FIG. 12) 
(FIG. I2J 

(INSERT FIGURE) 

(LEFT) If: Front doorfRIGHTj In Rear door 

(FIG. 13) 
(FIG. 13) 

(INSERT FIGURE) 

(Vertical axis) 

[ 1J Cooling airflow (m/sec) 

(Legend in the graph) 

(2) For the case in Fig. 9 (conventional example) 

(3) For the case in Pig. 10 and Fig. 1 1 (present invention) 

(Horizontal axis) 

(4) Position of flow speed measurement 

(5) Row 2, Column I 

(6) Row 2, Column 2 
|7| Row 2, Column 3 
(8) Row 2, Column 4 
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